Background: The thoracolumbar spine is vulnerable to fracture in falls or motor vehicle accidents. Thoracolumbar spine fracture can be associated with neurological deficits, long-term pain and disability. The optimal management for these injuries remains a considerable subject for research. Objectives: To evaluate short-term surgical and functional outcome of posterior short-segment fixation with implanting pedicle screw in the fractured level (short same-segment fixation) for treatment of recent single-level traumatic thoracolumbar fracture. Methods: This prospective study included 36 patients with radiologically confirmed single-level thoracolumbar fracture. Patients were evaluated preoperatively, at time of discharge, and at follow-up visit after 1 year clinically using the Low-Back Outcome Scale of Greenough and Fraser Score, the American Spinal Injury Association (ASIA) for neurological evaluation, and the AO fracture classification for injury severity evaluation. Radiological evaluation included calculation of the sagittal index (SI) of injured vertebral body, anterior body compression (ABC) according to Mumford's equation, and regional kyphosis using Cobb angle. All patients underwent posterior trans-pedicular screw insertions into a vertebral body one level above and below the fracture site, and an additional pedicle screw was inserted at the level of the fracture. Postoperative clinical and radiological evaluations were compared to the preoperative. Results: All surgeries were conducted uneventfully within 129.7 ± 33.9 min with mean operative blood loss of 351.4 ± 140.5 ml. Wound infection was encountered in two patients and responded to conservative treatment. Mean duration of postoperative hospital stay and follow-up were 17.7 ± 4.4 days and 26.5 ± 5.1 months, respectively. After 1 year, mean low-back pain scores were significantly higher than preoperative and early postoperative scores and frequency of patients with excellent-good postoperative status was significantly higher at early postoperative evaluation and after 1 year compared to the preoperative status. Eight patients had neurological deficit, after 1-year follow-up; six patients were improved by one grade, while the other two cases remained stationary. Mean SI and ABC calculated at discharge and after 1 year were significantly higher compared to the preoperative measures. Mean Cobb angle was significantly decreased compared to the preoperative angle. Mean improvement of kyphosis angle at discharge and after 1 year was 60.9% and 48.1%, respectively; however, there was loss of kyphosis correction by about 4.2°after 1-year follow-up compared to the early postoperative finding.
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Conclusion: Posterior short same-segment trans-pedicular screws fixation of single-level traumatic thoracolumbar fracture provided satisfactory surgical and functional outcome with minimal loss of postoperative Cobb angle and vertebral height, without loss of more motion segments.
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Background
Improved knowledge of the anatomic, morphometric, and biomechanical features of thoracolumbar (TL) vertebrae allowed progress and improvement of management of unstable TL fractures that remained and still controversial [1] .
Controversy exists about the best treatment of unstable TL burst fractures. Conservative treatment is usually the method of choice if there is little kyphotic deformity, no neurological deficit, or no unstable fracture pattern. Kyphosis correction and canal decompression in case of a neurological deficit are recognized treatment objectives, and surgical strategies have been proposed [2] .
Surgical treatment of spine fractures aims to achieve bony union and restore spinal anatomy. A number of techniques have been described for the management of spinal fractures. Surgical treatment of spine fractures may associate, as needed, decompression, reduction, and graft and/or internal fixation, using a posterior, anterior, or combined approach [3] .
Approach for surgical correction is still a point of debate; anterior, posterior, or combined anterior and posterior procedures have been advocated and show various degrees of success [4] . On the basis of biomechanical considerations such as the load-sharing concept and tension-band principle, reconstruction of the anterior column with dorsal compression osteosynthesis instrumentation is the treatment of choice. A combined approach in one stage has the preference in comparison with a staged procedure [3] . Paraspinal approach is safe with the advantages of micro-trauma and less blood loss [5, 6] .
Minimizing the number of vertebral levels involved in fusion of a spine fracture is a common goal of internal fixation. This is achievable by utilizing traditional short-segment posterior fixation; however, a 54% incidence of instrument failure or unfavorable clinical outcome was encountered with traditional short-segment posterior fixation [7] .
Short-segment posterior fixation with pedicle fixation at the level of the fracture (short same-segment fixation) suggests biomechanical advantages toward maintenance of kyphosis correction and reducing failure rates [8] . The trans-pedicular short same-segment construct represents an attempt to rebuild the anterior column without the need for anterior strut graft or plate fixation, hence, avoiding extensive arthrodesis of the motion segments and limited surgery-related injury [9] .
The current prospective study aimed to evaluate the short-term surgical and functional outcome of posterior short-segment fixation with implanting pedicle screw in the fractured level (short same-segment fixation) for treatment of recent single-level traumatic thoracolumbar fracture.
Main text

Patients and methods
The current study was conducted on 36 patients at the Neurosurgery Department Benha university hospitals and in the central hospitals of the Ministry of Health Kingdom of Saudia Arabia, since December 2013 till September 2016 to allow a minimum follow-up period of 12 months after the surgery for the last case operated upon. The study intended to include patients with recent, traumatic single-level thoracolumbar fracture (T10-L2); patients with multi-level fracture, delayed surgery for any cause, or patients with head injury or any other indications for ICU admission were excluded from the study.
Preoperative evaluation
Clinical evaluation
(a) Patients' demographic data, mechanism of injury, injury-surgery interval, extent and site of injury, and type of fracture were evaluated. (b) Low-back pain and its impact on quality of life was evaluated using the Low-Back Outcome Scale of Greenough and Fraser Score [10] with its 13 factors; total score is the sum of points for all of the 13 parameters, where score of ≥ 65 indicated excellent, 50-64 indicated good, 30-49 indicated fair, and 0-29 indicated poor patients status. (c) Preoperative neurological deficit was assessed using the American Spinal Injury Association (ASIA) scoring as shown in Table 1 [11] . (d) The severity of the injury in terms of instability was expressed by its ranking within the AO fracture classification consists of three types: A, B, and C. Every type has three groups, each of which contains three subgroups with specifications according to the mechanism acting on the spine compression, distraction, and axial torque [12] .
Radiological evaluation:
Patients were evaluated with plain radiographs, CT scan, and magnetic resonance imaging and the following parameters were evaluated: 1. The sagittal index (SI) of the injured vertebral body was calculated using the ratio between the anterior and the posterior height of the vertebral wall: SI = hA/hP [13] . 2. Anterior body compression (ABC) was measured according to Mumford's anterior body compression equation [14] . 3. Regional kyphosis (Cobb angle) was measured on the lateral radiograph as the angle between the inferior end plate of the intact vertebra above the fracture to the superior end plate of the intact vertebra below the fracture [15] . 4. The ratio of canal compromise was measured on the axial CT scan as the difference between the pre-injury canal size and the canal size after injury, as a ratio of the pre-injury canal size. The pre-injury canal size was determined by averaging the canal sizes above and below the fracture level [16] .
Surgical indications
Surgical indications included neurological involvement caused by the fracture, ≥ 20°kyphosis, > 50% loss of the vertebral body's height, and > 50% compromised spinal canal.
Surgical method
Standard posterior spinal approach was performed in all cases. Poly-axial pedicle screws were inserted into a vertebral body one level above and below the fractured vertebra. Additional pedicle screw was inserted through the fractured vertebra. Fixation was achieved with connecting rods producing distraction and lordosis. After connecting rods and pedicle screws, distraction force was applied using spreader forceps to create tension of the posterior longitudinal ligament, to reduce the fracture by ligamentotaxis. To confirm the reduction of the fracture, the lateral view of the fluoroscopy was used to demonstrate a "one-line sign" of the posterior wall of the vertebrae at the fracture level. Posterior-lateral synostosis was performed with bone fragment with autologous bone graft harvested from the spinous processes or iliac crest in eight cases. Rehabilitation program was started once the patients' postoperative status stabilized. All patients were protected by a brace for 3 months.
Evaluations of outcome
Primary outcome involves the following:
-Radiological evaluation of preoperatively evaluated parameters at time of hospital discharge and at follow-up visit after 1 year. -Low-back pain scoring estimated at time of hospital discharge and after 1 year. -Neurological assessment to evaluate ASIA grades at 1-year follow-up.
Secondary outcome involves the following:
-Operative data including operative time, amount of intraoperative blood loss and frequency of intraoperative complications. -The frequency of postoperative complications, required lines of management, and its outcome and total postoperative hospital stay. -Patients' satisfaction with the procedure was assessed with a 4-point scale questionnaire, ranging from 4 points (very satisfied) to 1 point (very dissatisfied).
Results
The study included 36 patients; 26 males and 10 females with a range of 20-52 years. Mechanism of injury varied, but road traffic accident was the commonest. Mean injury-surgery interval was 4.8 ± 1.6, range 28 days. According to the AO classification, the majority of injuries were of type A. Details of patients' enrolment data are shown in Table 2 . All surgeries were conducted uneventfully without intraoperative complications within 129.7 ± 33.9, range 75-190 min; however, the majority of cases were operated upon through 90-150 min. Mean operative blood loss was 351.4 ± 140.5, range 150-650 ml; blood loss in majority of patients was in a range of 250-500 ml.
No postoperative complications occurred apart from back wound infection that was encountered in two patients and responded to conservative treatment. Donor site complication was encountered in four cases, in whom iliac crest bone graft was harvested, in the form of wound infection in two cases treated conservatively and local pain improved gradually within 3 months in two cases. Mean postoperative hospital stay was 17.7 ± 4.4, range 10-24 days. Majority of patients (66.7%) had hospital stay for ˂ 15 days. Mean postoperative follow-up was 22.5 ± 5.1, range 18-36 months. Details of operative and postoperative data are shown in Table 3 .
Mean low-back pain scores determined at 1 year were significantly (p < 0.05) higher compared to scores determined preoperatively and at time of discharge, also scores at time of discharge were significantly (p < 0.05) higher compared to scores determined preoperatively. The frequency of patients with excellentgood postoperative status was significantly higher at time of discharge and after 1 year compared to the preoperative status.
Preoperative neurological evaluation according to ASIA grades showed neurological deficit in only eight patients (22.2%), four patients were of grade D and two of each of grades B and C. At end of follow-up, six patients were improved by one grade, while two patients of grade D remained stationary. There was no significant (p > 0.05) difference between studied patients throughout times of evaluation as regards the frequency of ASIA grades.
Mean ratio between height of the anterior and posterior walls of the injured vertebra (Saggital index) estimated at time of discharge was significantly (p < 0.05) higher compared to preoperative index. At the end of follow-up, the SI decreased again but was still significantly (p < 0.05) higher compared to preoperative index and not significantly (p > 0.05) lower compared to SI estimated at time of discharge. Mean anterior body compression calculated at time of discharge was significantly (p < 0.05) lower compared to preoperative index. At the end of follow-up, mean ABC increased again but was still significantly (p < 0.05) more than preoperative ABC and not significantly (p > 0.05) less than that estimated at time of discharge.
Mean Cobb angle was significantly (p < 0.05) decreased at time of discharge and at the end of follow-up on radiological evaluation compared to preoperative angle. Mean improvement of kyphosis angle at time of discharge and at the end of follow-up was 60.9% and 48.1%, respectively (Fig. 1) . Despite the significant (p < 0.05) improvement of Cobb angle at end of follow-up, there was loss of kyphosis correction by about 4.2°compared to angle estimated at time of discharge. Ratio of canal compromise was significantly (p < 0.05) decreased at time of discharge and end of follow-up on radiological evaluation compared to preoperative ratio with non-significant difference in favor of at end of follow-up (Table 4) . Eight patients were very satisfied by the final outcome that is excellent, 22 patients were satisfied, four patients were dissatisfied, and only two patients were very dissatisfied by the final outcome secondary to absence of improvement.
Illustrative cases
In case 1, a traumatized patient presented by L2 fracture; the patient was neurologically intact and was treated with short same-segment technique. The postoperative course was uneventful with satisfactory outcome at time of discharge and at the end of follow-up (Fig. 2) .
In case 2, a traumatized patient was presented with severe back pain, urgent CT revealed L1 fracture. Patient was operated by short same-segment technique (Fig. 3) . 
Discussion
Evaluation of spinal trauma-related data revealed that fall from height was the commonest mechanism of injury, and injury at thoracolumbar junction was encountered in 72.2% of cases and the majority of injuries were of type A. Similarly, Kalicinski et al. [17] reported that the most common causes of traumatic spinal injuries are falls from a height and road accidents and fractures occur most often at the thoracolumbar junction of the spine.
Mean operative time was about 130 min with mean intraoperative blood loss of 350 ml, no intraoperative complications were encountered, but two patients developed postoperative wound infection that responded to conservative treatment and mean postoperative hospital stay was about 18 days. These data goes in hand with Feng et al. [18] who studied 16 severe thoracolumbar fracture dislocations treated with a pedicle screw system via an entirely posterior approach and reported that mean operation time was 170 min (range 120-280), and mean blood loss was 700 ml.
The current study reported favorable surgical and functional outcome for posterior short same-segment trans-pedicular screw fixation; with posterolateral bone grafting. Outcome was manifested clinically as significant improvement of low-back pain outcome score with significantly higher frequency of patients had excellent-to-good status. Radiological evaluation revealed significant decrease of kyphotic angle and extent of anterior body compression with significantly increased vertebral body height manifested as increased sagittal index. Neurological evaluation showed improvement of ASIA grade by 1 grade in six of the eight patients having neurological affection, but the other two patients showed stationary course. The maneuver and approach applied in the current study provided good spinal stability throughout a mean follow-up duration of about 27 months with non-significant difference in radiological findings at end of follow-up compared to findings at time of discharge.
The modern treatment of thoracolumbar fractures is based on posterior trans-pedicular fixation techniques, which are angular stable and can provide an excellent stability in the three planes of the space. Nevertheless, a widely accepted agreement and clear guidelines for the optimal treatment of thoracolumbar fractures are lacking, and the evidence is based above all on School or Individual "Philosophies" for the management of this pathology [19] .
Short segment pedicle screw fixation, involving one vertebra above and one vertebra below the fracture level, has become the most common method in the treatment of thoracolumbar burst fractures. It provides the benefits of decreased involvement of motion segments than fixation with longer instrumentation. However, many studies have reported loss of kyphosis correction and implant failure following short-segment fixation [20] .
Increasing the fixation level is hypothesized to decrease the stress on each pedicle screw and so minimize the chance of failure. This may be achieved by use of long-segment constructs, but this requires fusing of multiple motion segments and larger incisions, with an increased risk of complications. An alternative method is to include screws at the level of the fracture [21] .
In support of the short same-segment fixation, Mahar et al. [22] , in cadaveric study reported increased biomechanical stability of short-segment fixation with additional pedicle fixation at the level of fracture (short same-segment fixation). Subsequently, Guven et al. [23] clinically showed increased stability and long-term maintenance with short same-segment fixation. Bolesta et al. [21] documented that a short segment construct with pedicle screws at the fracture site showed equivalent biomechanical stability compared with a conventional long-segment construct in any of the loading conditions. Also, Kanna et al. [24] found that reduction of unstable thoracolumbar injuries can be achieved and maintained with the use of short-segment pedicle screw fixation including the fractured vertebra and resulted in significant improvement of preoperative kyphotic angle and wedge angle with significant improvement of anterior and posterior vertebral height.
The advantages of using pedicle screws to treat fractured vertebrae include the following: (i) it provides a good three-point fixation to reduce the suspension effect of the internal fixation system, (ii) it reduces the parallelogram effect to increase the stability, (iii) it avoids stretching the normal intervertebral disc, which is beneficial to the recovery of the vertebral fracture form, and (iv) it dispenses the stress of the pedicle screw connection. Therefore, conditional application of vertical stress screw fixation of fractured vertebrae enhances the stability of the posterior short-segment internal fixation system for thoracolumbar fractures and facilitates the correction of kyphosis and maintenance of the corrective effect [25] .
Rehabilitation program was started once the patients' status stabilized. All patients were protected by a Taylor brace for 3 months. Early ambulation and rehabilitation showed no deleterious effects on fracture fixation but allowed maintenance or even more improvement concerning low-back scoring and patients' status at the end of follow-up. In line with these findings, Özlürk et al. [26] found that conservative treatment of stable thoracolumbar burst fractures is widely accepted and early mobilization with customized brace appears to produce effective functional results despite loss of vertebral body height.
Conclusion
It could be concluded that posterior short same-segment trans-pedicular screws fixation is a viable option for treatment of single-level traumatic thoracolumbar fracture provided satisfactory surgical and functional outcome with minimal loss of postoperative Cobb angle and vertebral height at end of follow-up, without loss of more motion segments. A large sample study with a longer follow-up is recommended. 
